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Ichthyoses comprise a broad spectrum of keratinization disorders due to hereditary defects of cornification. Until

now, mutations in more than 50 genes, mostly coding for structural proteins involved in epidermal barrier formation,

have been identified as causes for different types of these keratinization disorders. However, due to the high

heterogeneity and difficulties in the establishment of valid experimental models, research in this field remains

challenging and translation of novel findings to clinical practice is difficult.
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1. Introduction

The spectrum of hereditary disorders of cornification (DOC) consists of a variety of rare genodermatoses, such as

ichthyoses and palmoplantar keratodermas . For many of these diseases, the underlying pathological causes

have been identified. Most frequently, these disorders develop due to monogenic alterations in genes important for

the establishment or maintenance of a functional epidermal barrier. These genes are essential for a variety of

epidermal processes, including epidermal lipid metabolism, the establishment of intercellular junctions and

keratinocyte differentiation . Patients with mutations in these genes develop symptoms, such as epidermal

thickening, scaling, and increased susceptibility for concomitant inflammation of the skin .

Ichthyoses represent a large and heterogeneous group of hereditary DOC . They are classified by inheritance

patterns, their underlying pathomechanisms, and clinical features, and can be divided into syndromic and non-

syndromic forms . Ichthyosis vulgaris (IV) is the most common ichthyosis. It develops due to mutations in the

filaggrin gene (FLG, OMIM #146700) and manifests with dry and scaly skin without overt signs of inflammation 

. Histologically, IV epidermis is characterized by massive hyperkeratosis and a reduction or lack of keratohyalin

granules . In contrast to IV, autosomal recessive congenital ichthyoses (ARCI) are a group of rare skin disorders

and include, amongst others, lamellar ichthyosis (LI) and harlequin ichthyosis (HI) . Depending on the underlying

mutation, manifesting symptoms are strongly variable . Affected patients are characterized by patchy or

generalized scaling that evolves into large scaly plaques and erythema. Netherton syndrome (NS), a syndromic

form of ichthyosis, is caused by loss of function mutation in the serine protease inhibitor of Kazal type 5-gene

(SPINK5, OMIM #256500) . Functional loss of the SPINK5-encoded serine protease inhibitor lympho-epithelial

Kazal type related inhibitor (LEKTI) leads to a compromised inhibition of kallikreins. The balance between protease

activity and inhibition is shifted towards excessive proteolytic activity, leading to premature degradation of

corneodesmosomes, impaired skin barrier integrity and skin inflammation .
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The heterogeneous group of peeling skin syndromes (PSS) are autosomal recessive diseases that can be divided

into localized and generalized forms . Mutations of transglutaminase 5 (TGM5, OMIM #609796) and cystatin A

(CSTA, OMIM #607936) have been identified in patients affected with localized PSS . Within the generalized

PSS, a further distinction can be made between a generalized non-inflammatory PSS (Type A PSS) and a

generalized PSS with inflammation (Type B PSS) . While Type A PSS is associated with loss-of-function

mutations in the peptidase inhibitor clade B member 8 (SERPINB8, OMIM #617115) and filaggrin 2 (FLG2, OMIM

#618084) gene, Type B PSS manifests after loss of function mutations in the corneodesmosin (CDSN, OMIM

#270300) gene .

Hereditary palmoplantar keratodermas (PPKs) represent another heterogenic disease cluster . The

morphological characteristics of PPKs are reflected by hyperkeratosis and skin thickening on palms and soles .

Clinically, diffuse and circumscribed or punctiform keratosis can be distinguished. The spectrum of genes involved

in the many different forms of PPKs is very broad . Mutations of genes encoding the cornified envelope protein

loricrin, several keratins, connexins, and other proteins have been identified in these skin disorders .

A common trait of most of these diseases is their early manifestation during infancy or young adulthood and the

considerable physical and psychological burden for the affected patients. Therapeutic strategies mainly aim to

improve the quality of life of the patients by relieving symptoms and by attempting to restore the functionality of the

skin . Approved treatment options include frequent use of emollients for moisturization, keratolytic compounds

for the hyperkeratotic areas, and retinoids to promote normal keratinocyte differentiation . In addition, prevention

of bacterial and fungal skin infections is an important consideration when treating patients suffering from hereditary

DOC . As currently no cure for hereditary DOCs exists, validated disease models are highly desirable to extend

the current understanding of the underlying pathomechanisms and to foster the development of novel and effective

treatment options.

2. Models to Study Hereditary DOC

Due to usually low patient numbers, studies on patients affected with hereditary DOCs are strongly limited and

patient-derived samples are hardly available. Therefore, the establishment of valid disease models has been

indispensable to study disease-related mechanisms and to develop new treatment options. Several experimental

approaches have already been shown to significantly contribute to a better understanding of DOCs, including in

vivo animal models, in vitro skin models, and in silico studies (Figure 1).
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Figure 1. Schematic overview on experimental approaches for the study of hereditary disorders of cornification (A).

Different genetic modifications are used to introduce cornification defects in animal-based models. Pathologic

manifestations are assessed in terms of survivability, phenotypic changes, and response to therapy. (B) For in vitro

models, human patient samples or primary human keratinocytes after target gene knockdowns are investigated in

monolayer keratinocyte culture and three-dimensional organotypic skin models. (C) Computational methods are

based on detection and characterization of sequence variants identified in patients and evaluation thereof in

simulation and prediction programs.

3. Conclusions

Hereditary DOCs bear a great burden to affected individuals, and due to their low frequency, studies in humans are

scarce. Therefore, valid experimental models are needed to better understand the underlying pathomechanisms

and develop new therapeutic strategies for patients. In vivo animal approaches offer valuable insights into the
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complex interactions of the skin with other organ systems, however, there are considerable limitations to their use

for the study of hereditary DOCs. Especially in settings involving small animal models, the early onset of postnatal

death makes the study of long-term complications difficult. Additionally, interspecies differences in structural

composition and physiological function of the epidermis further complicate the translation of findings of

experimental in vivo models to clinical settings. Following the European ban on animal testing, the 3R principles

(Replacement, Reduction, Refinement) for research involving animal models were implemented. Ever since, non-

animal-based models have moved to the frontline and gradually replaced animal-based approaches. Three-

dimensional human organotypic skin models are well suited to investigate biological processes involved in

hereditary DOCs. By using gene silencing methods, several of the described pathologies have already been

reproduced in human organotypic skin models. The use of human material represents a major advantage of this

method. Another big advantage is its potential to easily and rapidly screen for potential candidate genes that so far

may not have been associated with hereditary DOCs. A disadvantage, however, is that interactions with or the

influence of other cell types or organs cannot be studied in these in vitro skin models. The use of in silico methods

to study DOCs is still at the beginning. However, it is very likely that new bioinformatics tools and in silico

predictions will strongly impact the research on DOCs in the near future.

Although the establishment of models for DOCs remains challenging, constant progress in developing new

methods and new models has led to a better understanding of these pathologies.
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